Introduction
The rapid increase in CO 2 concentration is primarily due to the release of ancient fixed atmospheric CO 2 into the modern atmosphere through the combustion of fossil fuel resources over the past 200 years [1] . Meeting the world's energy demands requires resources that are abundant and inexpensive to produce, biomass from forestry and agricultural activities is certainly a candidate, as hundreds of millions of tons of agricultural waste from rice, wheat, corn, and other crops are produced worldwide, which could generate billions of liters of ethanol [2] . Regardless of the means by which biofuels are produced by microbial activity from extant plant material, the same essential challenge must be faced: the substrate for biofuels production is the carbohydrate fraction, which must be made available to the microorganisms in order for the biochemical reactions to proceed efficiently.
Agricultural residues are composed of a complex network of cellulose micro fibrils embedded in a matrix of cross-linked hemicellulose and lignin [3] . These three major components are organized in such highly recalcitrant structures in plant cell walls, the natural binding characteristics of lignocellulosic biomass can be enhanced by modifying the structure of cellulose-hemicellulose-lignin matrix by application of preprocessing and pretreatment methods [4] . That overcoming recalcitrance has been considered as the most important unresolved issue of plant-based green technologies [5] . Within lignocellulose, the lignin fraction in particular acts as a barrier to enzyme or microbial penetration, which greatly decreases the yields of fermentable sugars and negatively affects the overall process of energy production from these resources to the extent that it is uneconomical [6] . To overcome this limitation, some form of pretreatment of the biomass is required for economical and efficient production of biofuels [7] .
This review provides an overview of recent studies on the various pretreatment options available for lignocellulosic biomass, with particular emphasis on agricultural residues and on strategies that exploit the natural metabolic activity of microbes to increase the process ability of the biomass.
Mechanical and Thermo Mechanical Pretreatments
Essential mechanical pretreatment step is mechanical particle size reduction, to transform the biomass from its native state into a suitable substrate for further pretreatment and energy production [7] . While smaller particle sizes are often considered to be more desirable for yields of fermentable sugars, and the process becomes economically unfeasible [8] . Methods for mechanical reduction include ball milling or vibratory ball milling, and other forms of chipping and grinding of biomass [2, 7] . Energy consumption of grinding biomass depends on initial particle size, moisture content, material properties, feed rate of the material and machine variables [9] . Regardless of the method employed, particle size reduction requires energy input; therefore, methods that facilitate the production of biomass in the proper size range while minimizing energy input will provide positive benefits to the overall economics of biofuels processes.
Another highly effective pretreatment strategy is steam explosion, in which biomass is briefly heated to high temperatures (180-230°C) for 2-10 minutes under high pressure, the substrate is quickly flashed to atmospheric pressure; as a result, the water inside the substrate vaporizes and expands rapidly, disintegrating the biomass [10] , then subjected to a rapid pressure drop that renders the biomass more penetrable by enzymes for subsequent hydrolysis [8] . For lignocellulosic agricultural residues, steam explosion under optimized conditions has been shown to be an effective pretreatment strategy for enzymatic saccharification [11] .
Microwave pretreatment of biomass is another option that has been reported to improve subsequent enzymatic saccharification of straw [12] . Microwave energy can penetrate into materials and heat them quickly and uniformly and have the advantage of combining very rapid heating times with a lower energy input than conventional heating strategies. This irradiative pretreatment creates localized hotspots, which open up the lignocellulose composite molecule, thereby facilitating enzyme access for saccharification and biofuel production by fermentation [2] . Irradiation of biomass can also enhance methane production by anaerobic digestion [13] . Some studies have demonstrated that microwave irradiation can change the structure of lignocellulosic materials and degrade or reduce lignin content, reduce cellulose crystallinity, and increase porosity and surface area of the materials [14] .
Radio frequency-alkaline (RF) pretreatment can penetrate more deeply into the materials compared with microwave heating because the radio frequency wave length is up to 360 times greater than microwave [15] . This unique characteristic is an advantage to treat large amount of material and it is easier to scale up the process. While radio frequency as a heating method has been widely applied in food-processing industries, there is not much report on application of radio frequency heating for lignocellulosic materials pretreatment. Hu et al. used radio frequency heating in the NaOH pretreatment of switchgrass to enhance its enzymatic digestibility [16] .
Chemical Pretreatment
The cellulose-hemicellulose-lignin matrix can be broken down to smaller amorphous molecules through acid or alkaline hydrolysis [17] . Acid or alkaline solutions are often used for pretreatment of biomass and the effect of pretreatment depends on the lignin content of biomass.
Different chemicals such as acids and alkalis have been used for chemical pretreatment of lignocellulosic materials. Depending on the type of chemical used, pretreatment could have different effects on structural components. Alkaline pretreatment was reportedly more effective in lignin removal, whereas dilute acid pretreatment was more efficient in hemicellulose solubilization [18] .
Acid Hydrolysis: Inorganic acids such as H 2 SO 4 and HCl have been used for pretreatment of lignocellulosic materials and have been used on a wide range of feedstocks ranging from agricultural residues. Despite low acid concentration and short reaction time, the use of high temperatures in dilute-acid hydrolysis accelerates the rate of hemicellulose sugar decomposition and increases equipment corrosion [19, 20] .
Alkali hydrolysis: Dilute alkali such as sodium, potassium, calcium, and ammonium hydroxides have been used for pre-treatment of lignocellulosic materials in alkali hydrolysis. The effectiveness of these agents depends on the lignin content of the materials. Temperature and pressure are lower in alkali pre-treatment compared with other pretreatment methods [21] . Alkali pre-treatment can be conducted at ambient conditions, but process time is longer (hours or days instead of minutes or seconds). Compared with acid process, alkaline process causes less sugar degradation, and many of the caustic salts can be recovered and/or regenerated.
Biological Pretreatments
Conventional physicochemical methods are the leading pretreatment technologies, although they require large inputs of energy, and also cause pollution by their effluents. Typically, they need expensive corrosion resistant reactors, processing of large volumes of waste stream, extensive washing of treated solids, etc. [22] . The pretreatment step is regarded as a crucial and costly unit process in converting lignocellulosic materials into fuels, and it is the major contributor to the costs of producing energy from biomass [23, 24] . In contrast to physicochemical methods, biological pretreatment of lignocellulosic biomass is a safe, environmentally friendly, less energy intensive and cheap alternative [2, 25] .
Biological pretreatment employs certain microorganisms, including white-rot, brown-rot, or soft-rot fungi, or bacteria, to deconstruct recalcitrant biomass [26] . White-rot fungi can degrade cellulose, hemicellulose and lignin approximately equally, and they are widely considered to be the most effective type of microorganism for this purpose [2, 27] . Their unique enzymatic machineries, consisting of lignin peroxidase (LiP), manganese peroxidase (MnP), laccase (Lac), and versatile peroxidase (VP), are aimed at breaking down lignin and altering lignocellulose structures [28, 29] . Research showed that the pretreatment of wheat straw by 19 white-rot fungi and found that 35% of the straw was converted to reducing sugars by Pleurotusostreatusin 5 weeks [30] . Fungal pretreatment has been previously proposed for bio pulping applications [31, 32] . Currently, many studies have been focused on biological pretreatment of lignocellulosic biomass for further enzymatic hydrolysis or saccharification [33] .
Solid-state fermentation (SSF) as a strategy for fungal pretreatment offers advantages over liquid-state cultivations, which present many limitations such as low substrate loading (<5%) [21] . In SSF, microorganisms are grown on moist, solid supports like insoluble substrates which they use as a carbon and energy source. As the fermentation occurs in conditions of lower moisture compared to liquid fermentations, it imitates the natural environment to which many filamentous fungi are adapted [34] . SSF offers important advantages over submerged fermentation; for instance, non-aseptic conditions, lower capital costs, low energy expenditure, less water usage, high volumetric productivity and reproducibility [35] .
Conclusions
Recent research has acquired many of achievements in the field of theory and experiment about pretreatment to the lignocelluloses biomass. Biological pretreatment would provide a collection of benefits along this production chain, including decreased milling energy and compression energy requirements, decreased severity of thermo chemical pretreatments and production of fermentation inhibitors, improved yield of fermentable sugars upon enzymatic saccharification, and possibly co-products derived from the more easily extractable lignin phase.
